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ABSTRACT OF THE DISCLOSURE 


Hollow thick walled cylinders suitable for welding to- 
gether to make large vessels that will withstand 1000 to 
5000 pounds per square inch internal pressures are made 
by casting a hollow cylinder, out of steel, that has twice 
the wall thickness that is desired. Then the casting is cut 
longitudinally into two hollow cylinders of the desired 
one-half wall thickness of the cast cylinder by electro- 
chemical machining. This brings any internal cavities to 
the surface on the two cut apart cylindrical shells and 
the cavities can be cheaply repaired by grinding and 
welding. 
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The purpose of this invention is to provide cheap 
vessels capable of withstanding internally the high pres- 
sures that are needed in processes for converting coal into 
natural gas, fuel oil, gasoline and other products. In prac- 
tically all processes for producing the preceding valuable 
products from coal it is necessary to react a gas under 
high pressure with coal as the first step of the process. The 
development of cheap high pressure vessels would not 
only cheapen the cost of this expensive initial high pres- 
sure step but it would also allow lower temperatures to 
be used, which will produce normally higher yields of 
desired products, since then the longer reaction times 
and larger high pressure vessels necessary would not be 
too expensive as they are now. Of course high pressure 
vessels are used by many other industries and my inven- 
tion supplies these. 

In the usual high pressure process it is economical to 
design the high pressure vessel used as relatively long 
as compared with its diameter. This makes the construc- 
tion of the long cylindrical shell the major item of cost. 
(I will later show a cheap method for making the ends 
that even reduces the ends present low relative cost.) 

A long cylindrical shell is normally made of several 
shorter shells or rings welded together by girth welds. 
The making of these shorter shells has in the past been 
very expensive. To withstand high internal pressures the 
thickness of the metal walls becomes too thick to allow 
the shell to be made out of metal plates bent into cylindri- 
cal form, for welding, by cheap conventional methods. 
Therefore expensive multiple walled constructions have 
been normally used at internal vessel pressures of over 
3000 pounds per square inch or greater. 

Casting the vessels out of molten metal, poured into 
molds, on the surface has looked attractive but there have 
been encountered severe difficulties in casting high pres- 
sure vessels in the past. The main objection is the expense 
of obtaining sound castings, without internal cavities, at 
a reasonable cost. For the usual vessel of large size, the 
vessel has a large external area. This requires a large 
number of risers to be used to supply more molten metal 
to the casting while it is solidifying. This is necessary 
since normally molten metal and particularly molten steel 
decrease in volume when they solidify and it is necessary 
to keep supplying molten metal to the casting while it 
solidifies. Since the molten metal cannot be depended on 
to flow far when the casting is undergoing the critical 
stage when it has almost completely solidified there must 
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be a large number of risers under normal casting con- 
ditions. Another difficulty, that arises with the thick walls 
of a cast high pressure vessel, is what to do if there hap- 
pens to be a cavity in the final cast walls. These cavities 
can be readily located by known methods but the ob- 
jectionable cavity will normally be in the center of the 
thick wall. The standard procedure of grinding down to 
the cavity and then welding the hole full of metal be- 
comes very expensive. Also weld metal is never as strong 
as the original metal and this produces an undesired last 
minute reduction of the internal pressure that the vessel 
will stand. Therefore to prevent having to throw any 
vessel with cavities away it is necessary to overdesign all 
vessels to start with. Now with smaller outside areas and 
the resulting smaller number of risers and with only 
part of the metal to undergo high stress as is encountered 
in average castings the probability that at least one of the 
risers will not work well enough can be reduced to a 
small figure by conservative riser design. However when 
one has so many risers for one casting and when it is 
desirable to have all the metal stand the maximum pos- 
sible stress as it is with high pressure withstanding vessels 
the expense of obtaining all solid metal by normal meth- 
ods becomes high. 

In my disclosed invention I solve the previous problems 
of casting thick walled high pressure vessels by initially 
casting a very thick walled cylindrical shell or shape and 
then longitudinally cutting the very thick walled cylindri- 
cal shape into at least two concentric cylindrical shapes. 
As for example I might cast a cylindrical shell 10 feet in 
diameter on the outside and 9 feet in diameter on the 
inside. The wall of the large cylindrical shape would be 
constant throughout and would be 6 inches thick. Then 
I would cut the large cast cylindrical shape into two 
concentric desired shells. The larger shell would be 10 
feet diameter on the outside and 9 feet-6.25 inches in di- 
ameter on the inside. The smaller cylindrical shell pro- 
duced would be 9 feet-5.75 inches in diameter on the out- 
side and 9 feet in diameter on the inside. Both cylinders 
would each be equal in length to the originally cast larger 
cylinder. 

The method used for cutting the larger hollow cylinder 
originally cast into two or more smaller cylinders is con- 
ventional. Probably the best method would be to use 
electrochemical machining. This method is described in 
Standard Handbook for Mechanical Engineers by Bau- 
meister & Marks, 7th ed., McGraw-Hill, New York, pp. 
13-103 and 104. Very briefly this method consists of a 
reverse electroplating process. That is the direction of the 
flow of direct current is reversed, from its direction of 
travel in electroplating, so that the metal is eaten away 
from a metal object instead of plating on the metal 
object. 

In electrochemical machining water is supplied to the 
area where the metal is eaten away both to carry a desired 
electrolyte to carry the electrical current but more par- 
ticularly to carry away the heat of the reaction. The rate 
of eating away of the metal is carried out at a fast rate 
so that the distance between the electrode (carrying the 
current to near the metal that is eaten away) to the 
metal is the controlling factor rather than the reaction 
on the surface that eats away the metal. Therefore by 
keeping the electrode very close to the metal, the velocity 
that the metal is eaten away at any relatively long dis- 
tance from the electrode is small and with insulation the 
over cut of the process to the sides is normally of the 
order of 0.015 inch though this can easily be made larger 
if desired. In my immediate case the electrode and the 
duct carrying the water solution of the electrolyte would 
be in the form of a very thin walled hollow cylinder. The 
electrode would be covered with plastic paint to limit 
the eating away of the metal to at only the end of the . 
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electrode. The cutting device would look like an enor- 
mous biscuit cutter. 

Another method that is cheap is to make the casting 
out of easily machined metal and then with sharp tools 
on the bottom of walls of a very thin walled hollow 
metal cylinder cut or machine the large cast cylinder 
into several thinner walled concentric cylinders, In this 
case the cutting device would look like an enormous 
biscuit cutter that is provided with means for rotating 
while it cut the biscuits. 

Instead of sharp tools on the bottom of the very thin 
walled hollow cylinder used for cutting, pieces of bonded 
abrasives could be used. Then the metal removed in cut- 
ting the meal cylinder would be removed by grinding. 
This latter grinding procedure would be preferably pre- 
formed by my copending patent application Ser. No. 
761,539 in which the abrasive would be bonded by cast 
copper and the abrasive material would be periodically 
sharpened by removing dulled grit by contacting the cop- 
per bonded abrasive with an aerated water solution of 
ammonia which dissolves copper without corroding iron. 
In this case the cutting device would Jook like an enormous 
biscuit cutter with means to rotate the biscuit cutter while 
cutting. 

The preceding process of casting a thicker walled hollow 
cylinder first and then cutting it up into a plurality of 
concentric thinner walled hollow cylinders has the advan- 
tage that it only takes the construction of one mold and 
one core to make a plurality of final hollow cylinders. But 
of more importance is that the number of risers needed 
for the single mold is only a fraction of the number 
needed for each mold required if the thinner walled cylin- 
drical shells were cast separately. The number of risers 
needed for a casting is inversely proportional to the wall 
thickness cast. That is if a conventional casting process 
for a single thinner walled hollow cylinder required 8 
risers, then to cast the same diameter and height but with a 
wall twice as thick there would only be needed 4 risers. 
And besides with a wall twice as thick there would be, 
after cutting them apart, two thinner walled cylinders 
made. In other words in this example the required num- 
ber of risers per final shell produced would be reduced 
75% by my method. 

However, the most important advantage of my invention 
is that when the thicker walled cast cylinder is cut up 
into a plurality of thinner walled hollow cylinders any 
cavities in the walls of the original casting become very 
easy to repair. This is because, in a casting of the preced- 
ing type, cavities about always occur in the center of the 
wall of the casting. Therefore when the casting is cut in 
just two equally thick thinner walled cylinders the cavities 
are on the surfaces of the cut-apart cylinders. Therefore 
the cavities can be easily welded full of metal. And there 
will not be the usual large amount of grinding out of metal 
for holes with its resulting filling in of large amounts of 
weld metal that somewhat weakens the casting. 

In case the thinner walled cylinders are not cut apart 
near the center line of the walls of the thick walled cast 
cylindrical shell in all cases the cutting procedure will 
place the cavities nearer to a surface and facilitate repair 
of the cavities. 

As I have said before, the big expense normally for 
making thick walled high pressure vessels is the cost of 
making the cylindrical shell. However, due to recent de- 
velopments even the cost of the ends have been made 
cheaper. In this case an end of the vessel is cast with its 
wall over twice as thick as is required. Then the outer 
surface is ground down to the proper thickness by my 
method of grinding with copper bonded abrasive as I 
have described previously in this application. The abrasive 
will be in the form of a grinding wheel of course instead 
of a giant biscuit cutter. In this grinding method all cavi- 
ties will be removed from the cast end of the vessel and 
the metal ground off can be recovered unharmed for re- 
melting and reuse, 
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In conclusion I may say that I have disclosed a method 
for casting cylindrical shells or shapes by casting a thicker 
walled cylindrical shell or shape and then cutting the 
thicker walled cylindrical shape into a plurality of thinner 
walled cylindrical shapes. My method greatly decreases 
the cost of the molds and risers required. It also greatly 
cheapens the cost of repairing cavities and greatly reduces 
the amount of overdesign necessary to prevent rejection 
of castings on the account of cavities. 

The longitudinal axis of a cylinder is the straight line 
joining the centers of the two ends of the cylinder. 

In addition it may be said that with a relatively small 
investment that a manufacturer of steel castings may go 
into the business of casting rings and heads for thick- 
walled vessels that normally sell for as much as $100,000 
apiece. All the company has to do is to purchase the elec- 
trical equipment and the etching liquid handling equip- 
ment for a 3000 ampere electrochemical machining ap- 
paratus which costs less than $30,000. The so called bis- 
cuit cutter shaped electrode or tool assembly can be home 
made and made by spacing copper tubes placed longwise, 
and spaced for example 3 inches apart, on an expendable 
drum form. Between the copper tubes are placed copper 
strips laying lengthwise. Then the sides of the copper tubes 
are brazed to the edges of the copper strips and with 
brazing on a large flat end, to the formed cylinder, thus 
the so called biscuit cutter shape is made. The drum 
around which the biscuit cutter shape is made is removed 
and the biscuit cutter shape is covered with an electrical 
insulating paint over all but the ends of the copper tubes 
that do the actual electrochemical machining. The biscuit 
cutter shape or tool is slowly rotated around its longi- 
tudinal axis while the tool cuts a large cast hollow cylin- 
der into two hollow cylinders. The ends of the copper 
tubes that do the actual electrochemical machining can 
have plastic guards put in front of them in the path of 
rotation so that the copper tube ends won’t actually touch 
the metal cut and cause short circuits which are harmful. 

Heads for the thick walled vessels can be made two at a 
time by cutting a head cast with twice the desired thick- 
ness of metal. The cast twice-as-desired thickness head 
is cut into two heads using the above biscuit cutter shaped 
tool that is modified. In this case the biscuit cutter’s cut- 
ting edge is cut itself into longitudinal strips that are 
given an angle inward towards the biscuit cutter’s longitu- 
dinal axis. The longitudinal strips are made with a clear- 
ance between them and are made movable in relation to 
the flat end of the biscuit cutter but with the angle of the 
strips with the flat end of the biscuit cutter being held 
constant. Then by moving the longitudinal strips of the 
cutting edge of the biscuit cutter slowly inward at the 
angle above mentioned, and which is by moving the 
longitudinal strips relative to the flat end of the biscuit 
cutter, a cone shaped surface can be cut. If the longitudinal 
strips are bent in the shape of an arc of a circle, a vessel 
head in the form of a hemisphere can be cut. 

I claim: 

1. The method for casting hollow cylindrical metal 
shells for the construction of vessels that withstand in- 
ternal pressures which comprises: casting a large hollow 
cylindrical metal shell whose wall thickness is sufficiently 
thick from which to make a plurality of desired. cylin- 
drical shells, cutting said large metal shell into a plurality 
of metal shells each having wall thicknesses in excess of 
one inch by cutting said large shell at a constant distance 
from its longitudinal axis, repairing the cavities which 
exist in the cut-out metal shells, and using each of the 
plurality of cut-out metal shells in the construction of a 
vessel that is capable of withstanding internal pressures 
in excess of 200 pounds per square inch gage pressure. 

2. A method according to claim 1 in which the metal 
is an alloy of iron. 

3. A method according to claim 2 in which the cutting 
is done by electrochemical machining. 
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4, A method according to claim 2 in which the cutting 
is done by grinding. 

5. A method according to claim 3 in which said large 
metal shell is cut into two cylindrical shells in such a man- 
ner that neither cut-out shell has a wall thickness that 
is more than 20% greater than the wall thickness of the 
other shell, 

6. A method according to claim 4 in which said large 
metal shell is cut into two cylindrical shells in such a man- 


ner that neither cut-out shell has a wall thickness that 10 


is more than 20% greater than the wall thickness of the 
other shell. 
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